Background and aims: It has been confirmed that remnant-like particle cholesterol (RLP-C) mediates the progression of coronary artery disease (CAD). Currently there is limited information on RLP-C in menopausal women. With the special status of diabetes mellitus (DM) combined with the special body changes of the menopausal women, the RLP-C is particularly important when studying the changes that occurred in response to CAD and its associated risk factors. This study discussed whether RLP-C could be an independent risk factor for menopausal women with CAD and DM. Methods: The cohort consisted of 4753 menopausal women who had undergone coronary angiography. Subjects were separated into CAD and non-CAD groups, and univariate and multivariate logistic regression analysis of CAD risk factors were performed. All patients with a history of DM were divided into DM subgroups. Then, the univariate and multivariate logistic regression analysis of the risk factors of CAD and the comparison among age groups in the DM subgroup were performed. After age stratification of the DM group, the Kruskal-Wallis test was used to analyze the differences of various lipid indexes among age groups. Results: The multivariate logistic regression showed that RLP-C was an independent risk factor for CAD in menopausal women (OR 1.232, 95%CI 1.070-1.419). In the DM subgroup, it was also found that RLP-C was an independent risk factor for CAD (OR 1.366, 95%CI 1.043-1.791). Kruskal-Wallis test analysis found that RLP-C had no significant difference among three groups (P > 0.05).
Background
The high rates of morbidity and mortality of CAD are related to high levels of RLP-C [1] . Currently, the clinical lipid-lowering treatment of CAD patient's targets lowdensity lipoprotein cholesterol (LDL-C), but among the many indexes of blood lipid, other potential targets remain. For CAD patients with decreased LDL-C, it is found that RLP-C may be an important target for the treatment of blood lipids in CAD patients after treatment of LDL-C [2] . RLP-C levels could also be used to predict the onset of CAD in different populations, thus confirming that RLP-C measurement is beneficial for risk assessment and treatment assessment of CAD patients [3] . Although RLP-C is a risk factor for cardiovascular related atherosclerotic disease, there is currently no standard method of measurement and the research potential of RLP-C is huge [4] . It has been found that an increase of 1 mmol/L in nonfasting RLP-C could increase the risk of ischemic heart disease by 2.8 times [5] . Studies have also confirmed that RLP-C affected the formation of atherosclerosis by affecting a variety of cells [6] . In addition, the RLP-C associates with atherosclerosis through blood lipid levels, insulin resistance, and it is frequently of abnormally high levels in diabetic patients [7] . While the importance of RLP-C on in-stent restenosis in DM patients has been confirmed, very few studies have been carried out in menopausal women with DM [8, 9] . Therefore, our aim was to determine whether RLP-C could be an independent risk factor in menopausal women with DM and CAD.
Methods

Study patients
Our study included 4753 menopausal women over the age of 50 who had undergone coronary angiography from January 2015 to December 2015. Subjects were designated into CAD (n = 2874) and non-CAD groups (n = 1897) according to coronary angiography assessments. Those with a history of DM were screened from the study population and divided into the DM subgroups, including DM combined with CAD group (n = 1031) and DM combined with non-CAD group (n = 465).
Data collection
Demographic and clinical characteristics of patients were collected using standard case report forms, including age; body mass index (BMI); blood pressure including systolic blood pressure (SBP) and diastolic blood pressure (DBP); history of smoking, history of drinking; medical history including DM, hypertension (HT), hyperlipidemia, family history of cardiovascular disease (CVD); and medication therapy.
Laboratory analysis
Fasting blood samples were obtained from study participants at the baseline. Total cholesterol (TC) and triglyceride (TG) levels were assessed in enzymatic assays. The levels of LDL-C and high-density lipoprotein cholesterol (HDL-C) were determined using homogeneous methods [10] . RLP-C calculation was defined as TC-(LDL-C + HDL-C) [11, 12] .
Statistics
Data were compared via the SPSS 22.0 statistical software package. Data were the mean ± SD for continuous variables, and ration for classified variables. Group differences were calculated in two-sided t-tests. Chi-square tests were used to represent classified variables which were shown as counts (percentage). Univariate analysis was carried out, and then these variables were selected and added to the multivariate analysis. Continuous variables across the age groups were compared using Kruskal-Wallis assessments. P < 0.05 (bilateral) was considered statistically significant.
Results
Baseline data
In the overall population, there were 1496 DM patients (1496/4753, 31.47%), accounting for more than 1/3 of the total population, which differed between the CAD and non-CAD groups (465 [ [38.94%] ; P = 0.547) accounted for a very large proportion of the population and HT differed between CAD and non-CAD groups. This might be related to the high proportion of HT population in China and the characteristics of blood lipids in menopausal women. In terms of laboratory results of blood lipid, TG (1.63 ± 1.07 vs 1.75 ± 1.18; P < 0.001), HDL-C (1.18 ± 0.30 vs 1.10 ± 0.26; P < 0.001), and RLP-C (0.68 ± 0.43 vs 0.72 ± 0.47; P = 0.001) differed between the CAD and non-CAD groups ( Table 1 ). In the laboratory results of the DM subgroup, TG (1.76 ± 1.03 vs 1.91 ± 1.45; P = 0.048), HDL-C (1.12 ± 0.29 vs 1.06 ± 0.25; P = 0.001), and RLP-C (0.70 ± 0.42 vs 0.76 ± 0.51; P = 0.024) differed across the CAD and non-CAD groups. No changes in LDL-C levels in either the general population or the DM subgroup (P > 0.05). (Table 2) .
CAD risk factor assessment through univariate model assessments
In the overall population, univariate analysis showed that age (OR 1.028, 95%CI 1.020-1.036, P < 0.001), BMI (OR 1.027, 95%CI 1.009-1.046, P = 0.003), SBP (OR 1.010, 95%CI 1.006-1.014, P < 0.001), DBP (OR 1.015, 95%CI 1.009-1.020, P < 0.001), family history of CVD (OR 0.709, 95%CI 0.547-0.919, P = 0.009), HDL-C (OR 0.373, 95%CI 0.301-0.462, P < 0.001), HT (OR 1.337, 95%CI 1.182-1.512, P < 0.001), DM (OR 1.701, 95%CI 1.494-1.936, P < 0.001), TG (OR 1.104, 95%CI 1.044-1.166, P < 0.001), RLP-C (OR 1.274, 95%CI 1.107-1.467, P = 0.001) were risks of CAD with obvious and positive effects, while statin therapy, drinking history, hyperlipidemia, TC, LDL-C, and non-HDL-C were not significant risk factors for CAD (P > 0.05). In the DM subgroup population, HDL-C (OR 0.478, 95%CI 0.317-0.719, P < 0.001) and RLP-C (OR 1.354, 95%CI 1.037-1.767, P = 0.026) were significant risks for CAD. (Fig. 1 ).
CAD risk factors through multivariate logistic regression
In the overall population, after adjusting for age, BMI, smoking history, statin therapy, DM, HT, and LDL-C and RLP-C, regression analysis in overall population revealed RLP-C would be a strong CAD risk (OR 1.232, 95%CI 1.070-1.419, P = 0.004). It was also noted that RLP-C could be a significant risk of CAD in the DM population (OR 1.366, 95%CI 1.043-1.791, P = 0.024). (Fig. 2) .
Kruskal-Wallis test analysis
The DM subgroup was grouped according to age and divided into three groups: women aged 50-59, 60-69, or ≥ 70 years old. It was found that in different populations, blood lipid indicators included LDL-C, TG, TC, non -HDL-C differed across the groups of those ≥70 years old, which were higher than the other assessed groups (LDL-C, P = 0.001; TG, P = 0.003; TC, P < 0.001; non-HDL-C, P < 0.001), while RLP-C (P = 0.191) and HDL-C (P = 0.524) showed no changes across the three groups. (Tables 3,4 ).
Discussion
Main findings
We found that in the overall population of menopausal women, the RLP-C differed in CAD compared to non-CAD groups (0.68 ± 0.43 vs 0.72 ± 0.47, P = 0.001). When the DM subgroup population was further investigated, the RLP-C differed between CAD and non-CAD menopausal women (0.70 ± 0.42 vs 0.76 ± 0.51, P = 0.024). The RLP-C showed no change according to age in diabetic women (TC, P = 0.001; TG, P = 0.003; LDL-C, P < 0.001; HDL-C, P = 0.524; RLP-C, P = 0.191), confirming that along with the age growing, RLP-C might be more stable than other kinds of lipids among the menopausal women with CAD and DM.
Inspiration from basic and clinical studies of dyslipidemia in menopausal women with DM and CAD
LDL-C and TG
The blood lipid in DM patients was characterized by the decreased HDL-C levels, the increased TG-rich lipoprotein levels, and abnormal composition of high-density lipoprotein (HDL), low-density lipoprotein (LDL), and TG-rich lipoprotein particles [13] . The 2019 European Society of Cardiology guidelines recommended that for the high-risk type 2 DM patients, the LDL-C levels should be reduced to more than 50% of the baseline levels, and target levels of LDL-C were ≤ 1.8 mmol/L [14] . However, LDL-C in the overall population and subgroups of female patients failed to reach the ascribed standards. It was also seen that the LDL-C levels noted in this study were not consistent with common CAD and non-CAD populations, which was generally around 2.6 mmol/L (overall 2.63 ± 0.86 vs 2.62 ± 0.92, P = 0.957; subgroup 2.53 ± 0.84 vs 2.54 ± 0.89, P = 0.761). In addition, even at low concentrations of LDL-C controlled by statins, RLP-C could still be used as a risk factor for CAD [15] . In our study population, we found that the predictive effect of LDL-C on CAD might be less than RLP-C. In addition, studies had shown that the risk of patients with CAD and DM was related to TG metabolic disorders [16] . Previous studies had found that BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HT hypertension, CVD cardiovascular disease, CAD coronary artery disease, TC total cholesterol, TG triglyceride, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, RLP-C remnant-like particle cholesterol, ACEI angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker while elevated TG levels in DM patients did not represent an independent marker of cardiovascular events, high serum TG was associated with CVD [17] . We also found that in menopausal women, the TG levels of the overall population and DM subgroup population in the CAD group significantly differed to the non-CAD group (overall group [1.63 ± 1.07 vs 1.75 ± 1.18], P < 0.0001; subgroup [1.76 ± 1.03 vs 1.91 ± 1.45], P = 0.048). RLP-C was a known risk factor for CVD in women and provides more information than TG [18] . Furthermore, TG and HDL-rich lipoproteins subgroups, such as remnant-like particle (RLP), could better predict the occurrence of CAD than TG and HDL [19] .
RLP-C
Studies had found that an increase of 1 mmol/L in nonfasting RLP-C could increase the risk of ischemic heart disease by 2.8 times, but was not related to the decrease of HDL-C [5] . Compared to HDL-C, LDL-C and other lipids, RLP-C, which was mainly composed of very-low-density [20] . Based on the fact that RLP-C was independent of LDL-C and was related to some extent with the body's inflammatory reaction [21, 22] , and the increase of RLP-C was related to low degree inflammation, combined with many studies, it was pointed out that RLP-C had an important relationship with CAD [23] . At the same time, studies found that the menopausal women with CAD were more likely to develop DM than those without CAD. It was seen that RLP-C levels in women with DM were higher than that of women without DM [24] . Interestingly, triglyceride-rich lipoproteins (VLDL+IDL) might be associated with carotid atherosclerosis among menopausal women [25] . Therefore, increased RLP-C was an important risk factor for CAD that can predict future coronary events in DM and CAD patients [26] . We found that the RLP-C level was significantly higher in the menopausal women with CAD and the DM subgroup than that in the non-CAD group (overall group [0.68 ± 0.43 vs 0.72 ± 0.47], P = 0.001; subgroup [0.70 ± 0.42 vs 0.76 ± 0.51], P < 0.024). Further, especially in the subgroup, the multivariate analysis showed that RLP-C was an independent risk factor for CAD while other traditional CAD risks might not be significantly positive. Studies had found that RLP-C affected the formation of atherosclerosis by affecting a variety of cells [6] . The expression of low-density lipoprotein receptor-1 (LOX-1) was found to be enhanced in endothelial cells at high glucose concentrations in patients with CAD and DM [27] . Interestingly, RLP-C could also increase the expression of LOX-1 receptor protein by inducing the formation of superoxide associated with deoxyribonucleic acid breakage in endothelial cells, which could cause damage to endothelial cells and aggravate atherosclerosis [28] . Moreover, especially in the case of postprandial hyperlipidemia, DM and metabolic syndrome, the LOX-1 mediated RLP-C uptake mediated atherosclerosis by inducing the expression of LOX-1 [29] . At the same time, some studies had found that the level of LOX-1 was higher in obese menopausal women, which might be related to the increase of LOX-1 expression in adipose tissue [30] . We also speculated that in menopausal women with DM and CAD, RLP-C might also affect the pathogenesis of CAD by increasing the expression of LOX-1. Further research was required to determine the specific mechanism of action.
Changes of RLP-C in special body conditions of menopausal women with DM and CAD
DM was a risk factor for CAD, and the study of RLP-C in DM had shown that RLP-C was closely related to the internal stenosis of stent in DM patients [10] . From the perspective of gender, menopausal women with DM showed serious metabolic problems, therefore atherosclerosis was more likely to occur in this population [31] . Long-term studies had found that female patients had a lower risk of CVD at a young stage due to the protective effect of estrogen [32] . Due to the loss of estrogen protection in menopausal women with CAD and various metabolic reasons, especially the negative metabolic effects caused by DM and obesity [33, 34] , the incidence of CAD in menopausal women with DM had increased significantly. Epidemiological studies had found that the mortality rate of CVD associated with early menopause was high, but the relationship between menopausal age and postmenopausal CAD was unclear [35] . Some studies had also pointed out that there was a lack of prospective studies of the relationship between acute coronary syndrome (ACS) and menopausal age in menopausal women, and the prognosis of late menopausal women after ACS was better than that of early menopausal women [36] . Therefore, we further explored the changes of RLP-C in different age groups of DM patients. Compared with other lipids, the RLP-C was not significantly different among different age groups (P = 0.191), confirming that RLP-C levels were stable in menopausal women with DM, indicating consistency with increase of age.
Effect of RLP-C on the disease progression of menopausal women with DM and CAD
Clinical trials and epidemiological data supported that the effects of estrogen on the cardiovascular system were complex. Studies had shown that rapid, non-nuclear estrogen receptor (ER) signal transduction contributes to transcriptional regulation function of ER mediated the protective effect of estrogen [37] . In the study of the effects of hormone replacement therapy (HRT) on the progression of plasma lipoproteins and CAD in menopausal women, it was found that HRT decreased RLP-C, but increased HDL-C levels, and accelerated the progress of coronary atherosclerosis in DM women [38] . Interestingly, some studies had found that although menopausal women had higher RLP-C levels, they were not affected by HRT and were not associated with the progress of angiographic progression or clinical outcomes of CAD [39] . At the same time, studies had found that although RLP-C decreased significantly after HRT treatment, the process of coronary atherosclerosis in menopausal women also accelerated with the decline of RLP-C [40] . Among the Chinese menopausal women in our study, few patients received HRT treatment, but DM patients accounted for more than 30% of the menopausal women. At present, the relationship between DM and estrogen level was not clear, and the specific effect of HRT therapy in menopausal women with DM and CAD was worthy of further study. At the same time, we speculated that RLP-C was closely related to DM status and the special body state of menopausal women, including hormone levels and unique metabolic status.
Conclusions
Based on the results of cross-sectional studies of menopausal women, RLP-C could be an independent risk factor for menopausal women with DM and CAD. 
Limitations
